Introduction {#s1}
============

Sedentary behavior (SB) is defined as any waking behavior characterized by energy expenditure ≤ 1.5 metabolic equivalents (METs) while in a sitting or reclining posture \[[@R01]\]. SB has become the major risk factor for cardiovascular diseases, associated with significant disability and mortality in patients with heart failure (HF) \[[@R02]\]. It has been reported that SB in patients with HF is associated with nearly twice the risk of cardiac death and all-cause mortality \[[@R03]-[@R05]\]. In addition, one of the most common comorbid conditions among patients with HF is arthritis, which appears to be a major contributor to physical inactivity and SB \[[@R06]\]. The burden of HF is even greater among rheumatoid arthritis patients \[[@R07]-[@R9]\], who experience a two-fold higher HF incidence rate in comparison with general population \[[@R07]\]. HF patients with arthritis are 60% more likely to live a sedentary life \[[@R05], [@R10], [@R11]\]. Furthermore, mortality following HF is significantly higher in patients with rheumatoid arthritis \[[@R12]\]. Therefore, increased SB may be a modifiable independent risk factor of health outcomes in HF patients with arthritis. SB is often measured by self-report questionnaires, which is a less valid and reliable method when compared to objective measures \[[@R13]\]. Inaccurate measurements of SB make it difficult to evaluate the intervention effects and monitor changes in SB over time. In contrast, objective measures, such as accelerometers, are believed to offer more accuracy without recall and response bias which exist in self-reported measures \[[@R14]\]. The accelerometer is the most widely used and accepted objective measure of daily physical activity (PA) and calorie expenditure in research and clinical settings \[[@R15]\].

Accelerometry uses triaxial measurements of movement in three orthogonal directions to report estimates of both intensity and duration of bodily movements \[[@R13]\], and has been used to gather detailed information about SB in various patient/healthy populations \[[@R16]\]. However, the use of accelerometery to assess SB in HF has been rarely reported. Furthermore, the factors influencing SB and subsequent PA levels in HF have yet to be fully elucidated \[[@R17]\]. In general, social cognitive theory (SCT) has been one of the predominant theoretical frameworks to guide the study in PA \[[@R18]-[@R20]\], however little is known about the process through which SCT variables influence SB in HF patients with arthritis \[[@R21]\]. To develop and implement more effective interventions to reduce SB in HF patients with arthritis, a better understanding of the factors underlying SB is needed. Therefore, the purpose of this study was to test an SCT model of PA, created by hypothesizing direct and indirect effects of demographic, clinical, and sociobehavioral factors on SB among HF patients with arthritis.

Materials and Methods {#s2}
=====================

This study was a secondary analysis using the data from a randomized controlled trial aimed at examining the effectiveness of a 12-week home-based intervention to improve HF self-management adherence \[[@R22]\]. The original/parent study was approved by the University Institutional Review Board and the rural hospital ethics committee. All participants of the parent study gave written informed consent \[[@R22]\]. Taking a different focus from the original study, the purpose of this secondary analysis was to describe SB measured by accelerometers and examine the factors influencing SB in HF patients with arthritis.

Participants were recruited from the hospital, and eligible participants: 1) were aged 21 years or older; 2) had HF as one of their discharge diagnoses; 3) were classified as New York Heart Association (NYHA) class II or above, and had at least one HF-related hospitalization or emergency department visit in the previous year; 4) with an established diagnosis of arthritis; 5) were discharged to home; 6) passed a mini-cog screen test \[[@R23]\]; 7) understood English; and 8) had access to a phone. We excluded participants who: 1) had depressive symptoms, and received a score of 3 or above on the Participant Health Questionnaire-2 (PHQ-2) \[[@R24]\]; 2) were diagnosed with liver cirrhosis; 3) were diagnosed with chronic renal failure; or 4) were diagnosed with other end-stage and/or terminal illness (e.g., cancer), which limited the participant's ability to perform moderate or above PA. The study setting has been described in more detail in a previously published manuscript \[[@R22]\].

Socio-demographic characteristics of the study subjects were assessed by using a previously utilized questionnaire \[[@R22]\] that asked subjects about their gender, age, years of school, marital status, annual household income, and employment status. Blood samples were drawn for analysis of plasma brain natriuretic peptide (BNP). Other clinical data (e.g., laboratory results, echocardiographs, medical history, and prescribed medications) were also collected from the medical records at baseline.

The primary outcome, SB, was defined as the average time spent in sedentary physical activity (SED-time) per day, which is measured by the accelerometer and classified as anything under 1.5 METS \[[@R25]\]. All patients were instructed to wear an ActiGraph GT3X+ device (GT3X; Actigraph, Pensacola, FL, USA), to assess SED-time and daily PA. The accelerometer was attached to an elastic belt around the waist and positioned on the non-dominant hip \[[@R26]\] for a minimum of 8 h a day for 7 consecutive days, as previously recommended \[[@R27], [@R28]\]. According to manufacture specifications, the accelerometer was initiated through ActiLife v6 (ActiGraph LLC, Pensacola, FL, USA) at a sampling rate of 60 Hz \[[@R29]\]. The Freedson algorithm \[[@R30]\] was used to quantify wake and sleep periods. After being downloaded in ActiLife software, data were converted into vector magnitude (VM) counts at 60-s epochs. The Freedson combination (1998) energy expenditure formula was used to compute daily activity calories, and the Freedson adult (1998) cut point classification was used to determine daily minutes spent on sedentary intensity (0 - 99 counts per minutes), light intensity (100 - 759 counts per minutes), lifestyle intensity (760 - 5,724 counts per minutes), moderate intensity (1,952 - 5,724 counts per minutes), vigorous intensity (5,725 - 9,498 counts per minutes) and very vigorous intensity (\> 9,499 counts per minutes) physical activities \[[@R31]\].

To examine the factors related to SB, we assessed HF self-care knowledge, HF self-care self-efficacy, and HF self-care behavior. Based on the social cognitive theory, the proposed conceptual framework is presented in [Figure 1](#F1){ref-type="fig"}. HF self-care knowledge was measured with Atlanta HF knowledge test (AHFKT-V2), 27-item multiple-choice questions to measure HF self-management knowledge \[[@R32]\]. The latent variable, HF self-care self-efficacy was measured by Self-Care of Heart Failure Index \[[@R33]\]. HF self-care behavior was assessed by using 29-item Revised Heart Failure Self-Care Behavior Scale (RSCB) \[[@R34]\].

![Proposed conceptual framework of factors related to sedentary behavior in HF patients. HF: heart failure.](cr-11-097-g001){#F1}

Data are expressed as mean ± standard deviation (SD) or number of cases (percentage). Unpaired Student's *t*-tests and χ^2^ test were used for comparisons of continuous and categorical variables, respectively. Mann-Whitney U-test was utilized to compare data that were not normally distributed. Pearson and Spearman correlation coefficients were used to identify the relationship between variables associated with SB. Partial correlation was also performed by adjusting each bivariate correlation for confounders. Then, multivariate regression analysis, with stepwise backward selection of variables, was used to determine the independent correlates of SB. The Akaike's information criterion was used to determine the most appropriate predictive model \[[@R35]\]. For all crossover end points, the analysis was performed on an intention-to-treat basis. A P value \< 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS for windows software (SPSS Inc., Chicago, IL, USA).

Structural equation modeling (SEM) was used to study associations between a series of mediating relationships because it allows analysis of a variable's direct, indirect, and total effects simultaneously, and it elucidates the potential pathways by which demographic, clinical and sociobehavioral factors influence SB. Missing data were handled by approximating the means, and the maximum-likelihood estimation procedure was applied. Four fit indexes were used, non-normed fit index (NNFI), comparative fit index (CFI) \[[@R36]\], root mean square error of approximation (RMSEA) \[[@R37]\], and the standardized root mean residual (SRMR). Acceptable model fit is generally based on standard fit index criteria (NNFI \> 0.90, CFI \> 0.90, RMSEA \< 0.08, SRMR \< 0 .08). SEM was done using the software IBM Amos.

Results {#s3}
=======

A study sample of 101 participants entered the analysis. The baseline characteristics of the study population are presented in [Table 1](#T1){ref-type="table"}. Sub-group descriptive statistics were also performed by gender and body mass index (BMI) ([Table 1](#T1){ref-type="table"}). Participants' mean age was 70 (SD = 12.2) years. Majority of participants were female (63%), white (95%), retired (71%), and an average of 13 (SD = 2.3) years of education. Most participants' cardiac functioning was classified at NYHA level II (49%) or III (42%), with a preserved ejection fraction (55.7±11.1%). Participants had an average BMI of 32.3 kg/m^2^ (SD = 7.1), and 54.46% of them was overweight (BMI ≥ 30).

###### Participant Characteristics in the Whole Cohort and by Sex and BMI

  Variable names                      Overall               Sex                   BMI                                         
  ----------------------------------- --------------------- --------------------- --------------------- --------------------- ---------------------
  Age                                 70 ± 12.16            70 ± 12.03            70 ± 12.33            65 ± 10.50            75 ± 12.15
  Years of school                     12.92 ± 2.28          13.22 ± 2.79          12.75 ± 1.92          13.24 ± 2.63          12.54 ± 1.71
  Marital                                                                                                                     
    Partnered                         51 (50.50)            26 (70.27)            25 (39.06)            30 (54.55)            21 (45.65)
    Single                            50 (49.50)            11 (29.73)            39 (60.94)            25 (45.45)            25 (54.35)
  Annual household income                                                                                                     
    Under \$10,000                    16 (17.02)            1 (2.86)              15 (25.42)            6 (11.76)             10 (23.26)
    \$10,000 - \$74,999               60 (63.83)            26 (74.29)            34 (57.63)            34 (66.67)            26 (60.47)
    Over \$75,000                     8 (8.51)              3 (8.57)              5 (8.47)              8 (15.69)             7 (16.28)
    Refused                           10 (10.64)            5 (14.29)             5 (8.47)              3 (5.88)              43 (100.00)
  Employment status (0)               72 (71.29)            26 (70.27)            46 (71.88)            38 (69.09)            34 (73.91)
  Exercise (self-report) (+)          66 (65.35)            24 (64.86)            42 (65.63)            33 (60.00)            33 (71.74)
  Low-sodium diet (self-report) (+)   25 (24.75)            10 (27.03)            15 (23.44)            12 (21.82)            13 (28.26)
  Family help (self-report) (+)       15 (14.85)            9 (24.32)             6 (9.38)              11 (20.00)            8 (18.60)
  Physical examination                                                                                                        
    BMI                               32.05 ± 7.18          31.50 ± 6.58          32.36 ± 7.53          37.34 ± 4.88          25.72 ± 3.25
  Laboratory                                                                                                                  
    HGB                               12.61 ± 1.89          13.18 ± 2.13          12.29 ± 1.67          12.75 ± 1.86          12.46 ± 1.94
    Fasting glucose                   162.08 ± 147.24       145.41 ± 76.36        171.60 ± 175.27       171.28 ± 164.28       151.04 ± 124.68
    Dietary sodium intake^a^          4,108.94 ± 1,822.01   3,833.48 ± 1,508.25   4,263.89 ± 1,971.08   4,271.78 ± 1,926.99   3,909.93 ± 1,684.78
  Functional measures                                                                                                         
    Ejection fraction                 55.81 (11.12)         52.68 (11.92)         57.75 (10.24)         56.37 (9.64)          55.21 (12.60)
    NYHC class II (mild)              58 (57.43)            20 (54.05)            38 (59.38)            34 (61.82)            24 (52.17)
    NYHC class III (moderate)         43 (42.57)            17 (45.95)            26 (40.63)            21 (38.18)            22 (47.83)
  Medical history                                                                                                             
    Hypertension (+)                  99 (98.02)            36 (97.30)            63 (98.44)            54 (98.18)            45 (97.83)
    DM type 2 (+)                     41 (57.75)            15 (55.56)            26 (59.09)            26 (65.00)            15 (48.39)
    DM with complications (+)         33 (45.83)            12 (44.44)            21 (46.67)            23 (56.10)            10 (32.26)

^a^Dietary sodium intake was measured by 24-h urinary sodium excretion. Values are mean ± SD for continuous variables and n (%) for categorical variables. SD: standard deviation; BMI: body mass index; HGB: hemoglobin; NYHC: New York Heart Classification; DM: diabetes mellitus.

The average SED-time measured by the accelerometer was 1,262 min/day (21 h/day) at baseline, 1,237 min/day (20.6 h/day) at 3 months, and 1,245 min/day (20.8 h/day) at 6 months ([Table 2](#T2){ref-type="table"} and [Fig. 2](#F2){ref-type="fig"}). In the subgroup analysis by sex, men had slightly higher but not statistically significant SED-time compared to women at all time points ([Fig. 3](#F3){ref-type="fig"}). The subgroup analysis by BMI showed no difference in SED-time between obese and non-obese at baseline, 3 or 6 months. The SED-time at baseline, 3 and 6 months by sex and BMI is presented in [Table 2](#T2){ref-type="table"}.

###### Baseline and 3, 6 Month Scores for SED-Time Values, Average Hours Worn Accelerometer, and Average Kilocalories Expended (Mean ± SD)

  Sex           Baseline            3 month        6 month                                                                                                   
  ------------- ------------------- -------------- ----------------- ------------------- -------------- ----------------- ------------------- -------------- -----------------
  Male                                                                                                                                                       
    BMI ≥ 30    1,280.64 ± 113.44   16.18 ± 3.83   208.07 ± 230.13   1,255.40 ± 86.39    16.08 ± 2.77   219.76 ± 166.69   1,242.06 ± 86.47    15.32 ± 3.47   289.55 ± 270.31
    BMI \< 30   1,255.42 ± 120.13   15.14 ± 3.98   151.67 ± 199.57   1,248.91 ± 94.57    15.75 ± 3.42   179.31 ± 168.99   1,250.67 ± 96.53    14.97 ± 3.57   165.95 ± 186.71
  Female                                                                                                                                                     
    BMI ≥ 30    1,249.72 ± 110.98   14.99 ± 3.81   142.07 ± 105.67   1,224.04 ± 119.27   16.06 ± 3.60   204.65 ± 159.80   1,248.02 ± 104.64   15.02 ± 2.83   226.88 ± 247.51
    BMI \< 30   1,268.23 ± 91.81    15.81 ± 2.66   91.43 ± 69.99     1,232.89 ± 75.96    16.45 ± 2.90   111.46 ± 61.59    1,238.98 ± 144.81   16.45 ± 2.55   107.53 ± 61.72

SED-time: sedentary time; SD: standard deviation; BMI: body mass index.

![Accelerometer measures of average daily minutes in SED, light to vigorous activities in baseline, 3 and 6 months. SED: sedentary.](cr-11-097-g002){#F2}

![Accelerometer measures of average daily minutes in: (a) SED; (b) moderate; (c) vigorous activities in baseline, 3 and 6 months (sex subgroup). SED: sedentary.](cr-11-097-g003){#F3}

At baseline, HF patients with arthritis spent an average of 89% of the day in SB, 9.5% in light intensity PA level, 1.5% in lifestyle activity level, and less than 0.2% in moderate and vigorous PA level of PA.

The bivariate correlation showed negative relationships between SED-time and being employed, levels of blood hemoglobin (HGB), hematocrit (HCT), and dietary sodium intake that was assessed by 24 h urinary sodium excretion ([Table 3](#T3){ref-type="table"}). In multiple regression models, SED-time was negatively associated with self-care knowledge, HGB, and systolic blood pressure at hospital admission, while positively associated with log transformed BNP, white blood cell and discharge weight ([Table 4](#T4){ref-type="table"}). NYHA HF classification was also included in the bivariate analysis and was therefore controlled for and found not to be significantly associated with SED time (P = 0.25).

###### Bivariate Correlations of Sedentary Time With Potential Parameters

  Variable                                    Pearson's coefficient   P value
  ------------------------------------------- ----------------------- ---------
  Age                                         0.397\*\*               0.00
  Sex                                         -0.06                   0.58
  Race/ethnicity (choice = Caucasian)         0.269\*                 0.01
  Years of school                             -0.06                   0.56
  Health care benefits (choice = Medicare)    0.344\*\*               0.00
  Annual household income                     -0.15                   0.20
  Distance traveled for doctor appointments   -0.253\*                0.02
  Currently working outside the home?         -0.322\*\*              0.00
  Work category (choice = full-time)          -0.244\*                0.02
  Work category (choice = part-time)          -0.227\*                0.03
  Work category (choice = retired)            0.261\*                 0.01
  Work category (choice = homemaker)          -0.02                   0.85
  Discharge weight (kg)                       -0.09                   0.38
  BMI                                         -0.06                   0.57
  SP admission                                0.00                    1.00
  DP admission                                -0.18                   0.09
  BNP (log)                                   0.286\*\*               0.01
  Ejection fraction                           -0.03                   0.82
  Hemoglobin (HGB)                            -0.342\*\*              0.00
  Hematocrit (HCT)                            -0.332\*\*              0.00
  White blood cell (WBC)                      -0.16                   0.13
  Hypertension                                0.10                    0.36
  Stool softener/laxative                     0.232\*                 0.03
  NYHC                                        0.12                    0.25
  RSCB behavior scale                         -0.14                   0.16
  Self-Eff                                    -0.14                   0.16
  AHFKT-V2                                    -0.13                   0.21

\*\*P \< 0.01, \*P \< 0.05. BMI: body mass index; SP: systolic pressure; DP: diastolic blood pressure; BNP: B-type natriuretic peptides; NYHC: New York Heart Classification; RSCB: 29-item Revised Heart Failure Self-Care Behavior Scale; Self-Eff, Self-Efficacy for HF Self-management Measure by Self-Care of Heart Failure Index; AHFKT: Atlanta heart failure knowledge test (AHFKT-V2).

###### Multiple Regression Analysis of Average Daily Minutes of SED

  Variable                 β        P
  ------------------------ -------- -------
  Medical knowledge        -0.629   0
  Hemoglobin (HGB)         -0.446   0
  BNP                      0.559    0
  SP admission             -0.326   0.005
  White blood cell (WBC)   0.339    0.003
  Discharge weight (kg)    0.233    0.035

Multiple regression analysis with stepwise backward selection of variables; Determinants: average daily minutes of sedentary. Final model (n = 64). β: beta coefficient; BNP: B-type natriuretic peptide; SP: systolic pressure.

The SEM was used to develop and test the proposed model underpinned by the social cognitive theory ([Fig. 4](#F4){ref-type="fig"}). The model-fit statistics was acceptable (CFI = 0.947, AGFI = 0.908, RMSEA = 0.001). The personal factors entered in the final model included age, employment status, and HGB. Employment status was significantly related to SED-time (standardized coefficient (r) was 0.36, P \< 0.001). Age was positively related with HF self-care behavior measured by RSCB (r = 0.26, P \< 0.01). There was a nearly significant negative correlation between HGB and SED-time (r = 0.18, P = 0.06).

![Standardized parameter estimates for proposed theoretical model based upon SCT. \*P \< 0.05. \*\*\*P \< 0.001. Rectangles represent observed variables, independent variable with the arrow pointing toward dependent variable. The line with two arrows represents a possible correlation between the two variables, the e1 - e11 in circle represent error terms; while the numbers adjacent to the lines are standardized direct effects between the pair of connected variables. SED-time: sedentary time; HGB: hemoglobin; Educ: education; NYHC: New York Heart Classification; Self-Eff: Self-Efficacy for HF Self-management Measure by Self-Care of Heart Failure Index; AHFKT: Atlanta heart failure knowledge test (AHFKT-V2); RSCB: 29-item Revised Heart Failure Self-Care Behavior Scale; Na24: 24-h urinary Na; BMI: body mass index.](cr-11-097-g004){#F4}

Among the three SCT-derived concepts (i.e., self-care knowledge, self-care efficacy and self-care behavior), self-care knowledge was not significantly associated with SED-time or other concepts of interest. HF self-care behavior measured by RSCB was associated with a decrease in SED-time (P = 0.01). HF self-care efficacy was not directly related to SED-time, however, self-care efficacy was related to self-care behavior (r = 0.39, P \< 0.01). On the other hand, self-care efficacy was indirectly related to SED-time, the higher HF self-care efficacy was associated with the decreased SED-time. Therefore, HF self-care behavior mediates the effect of HF self-care efficacy on SED-time.

Discussion {#s4}
==========

To our knowledge, this is the first study describing the prevalence of SB among HF patients with arthritis using accelerometry to objectively measure PA. In addition, we also examined the factors influencing SB in this population based on Bandura's Social Cognitive Theory (SCT). As far as we know, this is first study that reported a conceptual framework of factors influencing SB based on our structure equation modeling results, which may direct researchers and clinicians to develop effective interventions to reduce SB and promote PA in HF patients with arthritis.

In previous studies, SB was often measured with self-report questionnaire \[[@R05], [@R38]\], which is often invalid, unreliable, and fails to provide the detailed information about SB pattern. Without accurate and appropriate PA measurements, it would be challenging to design interventions to promote PA and evaluate their effects. In contrast, accelerometers are more accurate and provide detailed information about the pattern of SB. Consistent with previous evidence \[[@R39]\], SB is highly prevalent in HF patients.

Based on our SEM analysis, we developed a theoretical framework to explain factors influencing SB among HF patients with arthritis. Our SEM analysis highlights the inverse association between SED-time and employment status. Those who have a full-time or part-time job may be more likely to live a healthier and perhaps somewhat more active life. These findings extend previous research that employment status is related to PA and SED-time among HF patients with arthritis \[[@R40]\]. Our study confirms findings from previous studies that those participants currently working, especially on weekdays \[[@R41]\], were less sedentary and more active than non-employed. HF patients with arthritis could be targeted with programs to increase employment as to decrease SB.

In addition, our conceptual framework illustrates the relationships between SB and two main concepts proposed in Bandura's SCT; self-efficacy and self-care behavior. Our model demonstrates that self-care behavior mediates the impact of self-care efficacy on SB in HF patients with arthritis. The patients with greater confidence in self-care were more likely to engage in self-care activities, therefore, less likely to live a sedentary lifestyle. Those with part-time or full-time jobs were more likely to be active, while the self-care activities diminished with advancing age. SB was also affected by the HGB concentration. Patients with lower HGB are less likely to be active, which is consistent with others' findings, potentially due to increased fatigue \[[@R15], [@R42]\].

Several limitations exist in this study. First, the study used a convenient sample; therefore, caution should be used in generalizing the results to other HF patients without arthritis. Secondly, although objective measures can provide precise time and accurate individual behavioral level estimates, the information on "what, how, when and where" the individual was doing in real-world is unavailable. Third, waist-worn accelerometers are unable to accurately detect activities of upper-body or lower-body movements, thus it is possible that actual SED-time may be overestimated. Finally, this study did not control for patient's severity of arthritis, which could influence patient's SED-time.

Findings of the present study have important clinical implications. First, this is the first study to examine the factors that contribute to SB in HF patients with arthritis using objective data collected from an accelerometer. Evidence has shown that HF patients with arthritis have greater challenges staying physically active, supporting the need for targeted interventions to promote PA in this vulnerable population. Second, the developed conceptual model has implications for future research and practice. The model will be valuable in identifying and targeting patients at high risk to develop tailored strategies to reduce barriers, reduce SB, and promote PA.

Conclusions {#s4a}
-----------

In conclusion, SB in HF patients with arthritis is highly prevalent. Furthermore, SCT was considered an appropriate theoretical framework, and there is a strong correlation between SED-time and patient's employment status, HF self-care behavior, self-efficacy, and age. Our conceptual model may be helpful in designing specific interventions to reduce SB and promote PA among HF patients with arthritis. Further study is necessary to compare SED-time in HF patients with and without arthritis to determine how our results are generalizable to the entire HF population.
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